Background: Routine staining procedures often pose a problem in differentiating a mitotic cell from an apoptotic cell, deteriorating the reliability of histology grading. Although various new methods have been recommended for identifying mitotic figures (MFs) in tissues, the time factor and cost makes them less feasible. Thus, an attempt was made to evaluate the efficacy of crystal violet and Feulgen reaction in identifying MFs and also to see for any variation in the number of MFs in various grades of Epithelial dysplasia.
INTRODUCTION
Mitosis is a process of nuclear division where the replicated DNA molecules of each chromosome are divided into two nuclei accompanied by cytokinesis leading to formation of two identical daughter cells. Mitosis serves as the basis of producing new cells and has not only a role in basic cell biology but also a breakdown in the cell's ability to regulate its own division leading to major implications. 1 Mitotic figures (MFs) refer to the various phases of mitosis namely prophase, metaphase, anaphase and telophase, which are appreciated in tissue sections. 2 Increased and atypical number of MFs has been included as a criteria in the WHO classification for grading oral epithelial dysplasia (1978) . These MFs are a valuable tool in assessing cellular proliferation and act as prognostic indicators in oral epithelial dysplasia. Routinely, hematonylin and cosin (H&E) stain is used for estimation of MFs. Although advanced methods, like IHC, flow cytometry, autoradiography, DNA ploidy, are available for the identification of MF, but their increased cost and time makes them difficult to use; hence, special stains can be employed for rapid and easy identification. Toluidine blue, giemsa, crystal violet, have been used in the past to stain the nuclear DNA.
2,3
Feulgen and crystal violet are special stains used in histology to identify chromosomal material in cell specimens. These are dependable on acid hydrolysis of DNA. The present study is an attempt to aid in the distinct and differential staining of MFs which will facilitate easy identification using Feulgen and 1% crystal violet stains, also to assess and evaluate the number of MFs in various grades of oral epithelial dysplasia.
MATERIALS AND METHODS
The study sample included retrieval of 30 formalin fixed paraffin embedded tissue sections diagnosed for various grades of oral epithelial dysplasia from archives of Department of Oral Pathology, MSRDC, Bengaluru.
Study samples were grouped into two categories: group 1 comprised of control group of cervical carcinoma (n = 5) cases and group 2 consisted of 30 diagnosed cases of oral epithelial dysplasia (n = 30) graded based on WHO grading system (2005) proposed by Warnakulasuriya et al. 4 Ten cases each of mild, moderate and severe epithelial dysplasia were taken.
Methodology
Three serial sections of 5 microns each were sectioned and stained with 1% crystal violet, Feulgen stain and H&E stain using the methodology from Godkar et al and Bancroft respectively. 5, 6 Sections were interpreted for MFs under 4×, 10× and 40× magnification, under a binocular microscope Olympus CX21. The criteria given by Van Diest et al were strictly adopted to identify MFs in order to rule out similar looking cells like a pyknotic nuclei, apoptotic cell, etc.
Van Diest et als criteria to assess the MFs are as follows: 1. The nuclear membrane must be absent indicating the cells have passed the prophase. 2. Clear, hairy extension of nuclear material (condensed chromosome) must be present, either clotted (beginning metaphase) in a plane (metaphase/anaphase) or in separate clots (telophase). 3. Two parallel, clearly separate chromosomes clot to be counted individually as if they are separate mitosis.
The entire stretch of the epithelium was observed and the number of MFs in each field was counted in a step ladder fashion and summed up as shown in Figure 1 , to give the total number of MFs in that particular tissue section.
Areas excluded for counting MFs are as follows: 1. Areas showing necrosis 2. Inflammation 3. Tissue folds and calcifications.
Statistical Methods
The entire procedure was blinded using three observers. Data was statistically analyzed using Kruskal-Wallis ANOVA test. Interobserver variability was calculated using Kappa statistics.
RESULTS
A total of 30 cases of epithelial dysplasia were retrieved of which 10 each were mild, moderate and severe epithelial dysplasias. The number of MFs was compared among the three groups, it was seen that a significant increase in the number of MFs was observed in sections stained with Feulgen stain as compared to 1% crystal violet and H&E stains (Table 1) . A significant (p < 0.01) increase in the identification of MFs was observed in Feulgen stained sections as compared to the gold standard H&E.
We checked for any variation in the number of MFs in different grades of epithelial dysplasia, but no significant increase in the number of MFs between mild, moderate and severe epithelial dysplasia was observed ( Table 3 ). The p-values between the various groups are shown in Table 2 , and stained sections are shown in Figure 2 . Interobserver variability was calculated to be 0.98 which showed high agreement between the observers.
DISCUSSIONS
Mitosis generates new cells and is responsible for the growth and maintenance of an organism. It is divided into five stages: prophase, prometaphase, metaphase, anaphase and telophase, where each stage is characterized by a particular series of events 1 (Fig. 3) .
Carcinogenesis is the result of genetic alterations in nuclear DNA, which is evident as dysregulated mitosis and nucleoli numbers. Increased MFs and nucleoli counts are recognized cellular changes in oral epithelial dysplasia. Increased and abnormal mitosis hints at genetic damage, and has a significant role in carcinogenesis. Microscopic evaluation of mitotic activity is one of the most valuable prognostic indicators. New advanced techniques, like immunohistochemistry using Ki-67, PCNA and phosphohistone H3, autoradiographic determination of thymidine labeling to see for proliferation, flow cytometry, etc. are also available but their increased cost and time makes them difficult to use. A standardized, simple and quick stain with a set of welldefined criteria for the quantification of MFs will be effective and helpful. 2, 3 In the present study, we aimed to identify a simple, costeffective and rapid technique for identification of MFs and also to evaluate its role in histological grading of oral epithelial dysplasia. It was observed that Feulgen stain provided superior staining of MFs facilitating its identification as compared to 1% crystal violet and H&E stains. Distinguishing a MFs from pyknosis, apoptosis, karyorrhexis is important to prevent false positive results, and Feulgen stain provided excellent detail and morphology of a mitotic cell.
The method of Feulgen and Rossenbeck (1924) is a standard technique for demonstrating deoxyribose. Mild acid hydrolysis in 1 M HCl at 60ºC is used to break the purine-deoxyribose bond and the resulting exposed aldehydes are then demonstrated by Schiff's reagent as depicted in Figure 4 . 6 Comparison of the mitotic counts between various grades of oral epithelial dysplasia failed to yield any significant variations.
In a similar study conducted by Ankle MR to evaluate the selectivity of one percent crystal violet stain for MFs on normal oral mucosa, oral epithelial dysplasia and oral squamous cell carcinoma. One percent crystal violet staining was compared with routine H&E staining. Results showed statistically increased mean mitotic counts with 1% crystal violet stained sections of oral epithelial dysplasia and oral squamous cell carcinoma as compared to H&E stained sections.
2
In another study conducted by Jadhav KB, it was seen that 1% crystal violet provided a definite advantage over H&E stained sections in selectively staining MFs. A significant increase in the number of MFs in crystal violet stained tissues was observed in oral epithelial dysplasia and oral squamous cell carcinoma. A study conducted by Division of Human Nutrition, Adelaide South Australia, to evaluate the selective stain for MFs in tissue sections of developing brain, large and small intestine, skin and liver from rat, sheep and guinea pigs. The staining was done with 1% crystal violet with nuclear fast red as counter satin. Results showed that tissue MFs were visible in low power and stood out clearly against red background. However, in the present study, we noted that Feulgen was superior in staining MFs as compared to 1% crystal violet. The purple-colored chromatin material against a green cytoplasm facilitated the distinct and highly selective identification of MFs even at low power. The use of Feulgen stain is reproducible, rapid, simple and feasible for the localization of MFs and can be routinely employed.
CONCLUSION
We strongly advocate the use of Feulgen stain for distinct and selective staining of MFs. Feulgen reaction is a reliable and specific histochemical method for nuclear DNA. When 
